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RESIN STRUCTURES AND THEIR USE 



TECHNICAL FIELD 

The present invention relates to thermoplastic resin 
structures of good vapor and/or liquid transmission resistance, 
and their use. In particular, the invention relates to resin 
moldings of specific transmission resistance, low water 
absorption, dimensional stability in wet and workability , which 
are obtained by forming a specific morphology of polyamide resin 
and polyphenylene sulfide resin and are favorable for vapor 
and/or liquid barrier articles, to multi-layer structures 
favorable for containers and pipes for storage and 
transportation of liquid chemicals such as oil and gasoline, 
to those favorable for wrapping and packaging materials and 
containers for foods and medicines, and to their use. 

BACKGROUND ART 

Having good mechanical properties, heat resistance, 
chemical resistance and moldability in good balance, polyamide 
resins are widely used, for example, for parts of electric and 
electronic appliances and for automobile parts. The recent 
requirement increasing in the art is for gas -barrier 
(transmission-resistant) resin articles capable of preventing 



the contents from leaking out and protecting them from the open 
air for ensuring the safety and the storage stability of the 
contents and for protecting the environment from pollution. 
For those , polyamide resins are especially preferred and are 
used for various moldings, as their gas barrier properties are 
good. When wetted, polyamide resins become tougher, but, on 
the contrary, their dimensional stability and stiffness lowers . 
Especially when used in high humidity, their transmission 
resistance against liquid chemicals and gases lowers. 
Therefore, their use is often limited, and it is desired to 
improve them. 

For improving for the physical properties of such 
polyamide resins, resin compositions and moldings consisting 
of a combination of polyamide resin and polyphenylene sulfide 
resin (hereinafter referred to as PPS resin) have heretofore 
been proposed, in which the PPS resin has good waterproof ness 
and good transmission resistance but its toughness and 
moldability is not so good. 

The method could improve the dimensional stability and 
the stiffness of the resin compositions and moldings in wet 
over that of moldings of polyamide resin alone, but is still 
unsatisfactory. When the resin compositions and moldings are 
used for structures that are required to have good transmission 
resistance and toughness , they are not satisfactory. Therefore 
desired are molding materials that comprise polyamide resin 



and PPS resin and have both the good properties of polyamide 



resin and the good properties of PPS resin in good balance. 



In multi-layer structures having a barrier layer of good 



barrier resin, one typical example of the resin to form the 



barrier layer is polyamide resin (for example, as in JP-A 



220738/1983). However, the recent tendency in the field of 



automobile fuel is being toward using a mixture of gasoline 



and alcohol, gasohol, for which the plastic containers 



obtainable in the above-mentioned prior art are unsatisfactory 
Ip in point of their barrier properties . Therefore desired is 

I 

; )3 a technique of further improving the barrier properties of 

■ p ... 

M plastic containers. 



On the other hand, it is known that PPS resin has extremely 
*3 good barrier properties against liquid chemicals such as 



M gasoline and automobile oil , and against water and carbon dioxide . 

Blow-molded containers and tubular structures of such PPS resin 



have been proposed (for example, as in JP-A 90216/1987, 



255832/1986, 32816/1991). However, since its interlayer 



adhesiveness to other resin is poor, PPS resin has some problems 



in that its coextrusion and lamination with other resin materials 



such as polyethylene, polypropylene and other polyolefins is 



difficult. 



The present invention is to realize a high-level balance 



of the mechanical strength and the toughness of polyamide resin 



and the low water absorption and the transmission resistance 
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of PPS resin, and its object is to provide thermoplastic resin 
structures which are so improved to the highest possible degree 
that they are free from the reduction in the mechanical 
properties such as dimensional stability and stiffness and the 
reduction in the liquid chemical and vapor transmission 
resistance intrinsic to polyamide resin in wet, especially to 
provide polyamide -PPS resin moldings favorable for vapor and/or 
liquid barrier articles , and to provide multi-layer structures 
of good transmission resistance, moldability, workability, 
interlayer adhesiveness and toughness that are favorable to 
plastic containers and can be stably and economically formed 
into good plastic containers. 

DISCLOSURE OF THE INVENTION 

We, the present inventors have studied to solve the 
problems noted above, and, as a result, have found that, when 
a polyamide resin and a PPS resin are mixed in a specific ratio 
optionally along with an inorganic filler in such a controlled 
manner that the PPS resin phase in morphology in the resulting 
resin composition could form a dispersed configuration capable 
of being a continuous phase in the shaped structure of the resin 
composition, then the above-mentioned problems can be solved. 
On the basis of this finding, we have reached the present 
invention. 

Specifically, the invention provides the following: 



(1) A thermoplastic resin structure formed of a resin 
composition that comprises substantially (a) from 5 to 80 % 
by volume of a polyamide resin and (b) from 20 to 95 % by volume 
of a polyphenylene sulfide resin, which is characterized in 
that , in morphology therein seen through electronic microscopy, 
the polyphenylene sulfide resin (b) forms a matrix phase 
(continuous phase) and the polyamide resin (a) forms a disperse 
phase; 

(2) The thermoplastic resin structure of above (1), for 
which the blend ratio of the polyamide resin (a) and the 
polyphenylene sulfide resin (b) is such that the former accounts 
for from 55 to 80 % by volume and the latter for from 20 to 
45 % by volume; 

(3) The thermoplastic resin structure of above (1), for 
which the blend ratio of the polyamide resin (a) and the 
polyphenylene sulfide resin (b) is such that the former accounts 
for from 60 to 75 % by volume and the latter for from 25 to 
40 % by volume; 

(4) A thermoplastic resin structure formed of a resin 
composition that comprises (a) from 15 to 85 % by volume of 
a polyamide resin and (b) from 15 to 85 % by volume of a 
polyphenylene sulfide resin and contains (c) from 0 to 200 parts 
by weight of an inorganic filler relative to 100 parts by weight 
of the resin mixture of (a) and (b) r which is characterized 
in that, in morphology therein seen through electronic 



microscopy , both the phase of the polyphenylene sulfide resin 
(b) and the phase of the polyamide resin (a) are substantially 
continuous phases; 

(5) A thermoplastic resin structure formed of a resin 
composition that comprises (a) from 55 to 95 % by volume of 
a polyamide resin and (b) from 5 to 45 % by volume of a 
polyphenylene sulfide resin, which is characterized in that, 
in morphology therein seen through electronic microscopy, the 
polyamide resin (a) forms a continuous phase and the 
polyphenylene sulfide resin (b) forms a laminar disperse phase; 

(6) The thermoplastic resin structure of any of claims 
1 to 5, which contains (c) from 0.5 to 200 parts by weight of 
an inorganic filler relative to 100 parts by weight of the total 
of the polyamide resin (a) and the polyphenylene sulfide resin 
(b); 

(7) Moldings. of the thermoplastic resin structure of any 
of above (1) to (6), which are formed in at least one method 
of injection molding, injection compression molding or 
compression molding; 

(8) Containers for transportation or storage of liquid 
chemicals or gases, which are obtained by working the 
thermoplastic resin structure of any of above (1) to (7); 

(9) Attached parts for containers for transportation or 
storage of liquid chemicals or gases, which are obtained by 
working the thermoplastic resin structure of any of above (1) 



to (7); 

(10) A multi-layer structure with a barrier layer, in 
which the barrier layer is formed of the thermoplastic resin 
structure of any of above (1) to (6); 

(11) The multi-layer structure of above (10), wherein 
a neighboring layer is formed on one or both surfaces of the 
barrier layer, and the neighboring layer is a thermoplastic 
resin layer differing from the thermoplastic resin structure 
that forms the barrier layer; 

(12) The multi-layer structure of above (11), wherein 
the thermoplastic resin to form the neighboring layer is at 
least one selected from polyolefin resins, thermoplastic 
polyester resins, polyamide resins, polycarbonate resins and 
ABS resins; 

(13) The multi-layer structure of above (11), wherein 
the thermoplastic resin to form the neighboring layer is 
high-density polyethylene; 

(14) The multi-layer structure of above (11) , which has 
an adhesive layer formed between the barrier layer and the 
neighboring layer; 

(15) The multi-layer structure of any of above (10) to 

(14) , which is formed through coextrusion; 

(16) The multi-layer structure of any of above (10) to 

( 15) , which is formed into multi-layered tubes or multi-layered 
blow moldings through coextrusion. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 shows a model of the morphology of a resin structure 
in which the continuous phase is formed of a PPS resin component 
(PPS) and the disperse phase is formed of a polyamide resin 
component ( PA ) . 

Fig. 2 shows a model of the morphology of a resin structure 
in which a PPS resin component and a polyamide resin component 
both form substantially continuous phases. 

Fig. 3 shows a model of the morphology of a resin structure 
in which the continuous phase is formed of a polyamide resin 
component and the disperse phase is formed of a large number 
of thin, two-dimensional laminae (layers) of a PPS resin 
component. 

Fig. 4 is an electronmicroscopic picture showing the 
separated morphology of the resin structure obtained in Example 

13, in which the dark part is formed of a PPS resin component. 

Fig. 5 is an electronmicroscopic picture showing the 
separated morphology of the resin structure obtained in Example 

14, in which the dark part is formed of a PPS resin component. 

Fig. 6 is an electronmicroscopic picture showing the 
separated morphology of the resin structure obtained in Example 

15, in which the dark part is formed of a PPS resin component. 

Fig. 7 is an electronmicroscopic picture showing the 
separated morphology of the resin structure obtained in 



Comparative Example 5, in which the dark part is formed of a 
PPS resin component. 

BEST MODES OF CARRYING OUT THE INVENTION 

Embodiments of the invention are described below. 
"Weight" referred to herein means "mass". 

The poly amide resin (a) for use in the invention comprises, 
as the essential constituent components, amino acid, lactam 
or diamine, and dicarboxylic acid. Typical examples of the 
essential constituent components are amino acids such as 
6-aminocaproic acid, 11-aminoundecanoic acid, 

12-aminododecanoic acid, para -aminome thy lbenzoic acid; 
lactams such as e-caprolactam, co-laurolactam; aliphatic, 
alicyclic or aromatic diamines such as tetramethylenediamine, 
hexamethylenediamine , 2 -methylpentamethylenediamine , 

nonamethylenediamine , undecame thy lenediamine , 

dodecamethylenediamine , 

2,2,4-/2,4,4- trime thylhexamethylenediamine , 
5 -methylnonamethylenediamine , metaxylylenediamine , 

par axyly lenediamine , 1 , 3 -bis ( aminome thyl ) cyclohexane , 

1 , 4 -bis ( aminome thyl) cyclohexane , 

l-amino-3-aminomethyl-3,5, 5-trimethylcyclohexane, 

bis ( 4 -aminocyclohexyl ) methane , 

bis ( 3 -methyl - 4 - aminocyclohexyl ) methane , 

2,2- bis ( 4 - aminocyclohexyl ) propane , 



bis ( aminopropyl ) piperazine , aminoe thy lpiperazine ; and 
aliphatic, alicyclic or aromatic dicarboxylic acids such as 
adipic acid, suberic acid, azelaic acid, sebacic acid, 
dodecanedicarboxylicacid, terephthalicacid, isophthalic acid, 
2-chloroterephthalic acid, 2-methylterephthalic acid, 
5 -methylisophthalic acid , 5 - sodium- sulf oisophthalic acid , 
2,6-naphthalenedicarboxylic acid, hexahydroterephthalic acid, 
hexahydroisophthalic acid* In the invention, nylon 
homopolymers or copolymers derived from these starting 
compounds may be used either singly or as combined. 

Especially useful in the invention are heat-resistant 
and strong polyamide resins having a melting point of not lower 
than 150°C. Concretely, they include polycapramide (nylon 6) , 
polyhexamethylenadipamide (nylon 66) , 

polytetramethylenadipamide (nylon 46) , 

polyhexame thylenesebacamide (nylon 610) , 

polyhexame thylenedodecamide ( nylon 612), 

polyundecanamide ( nylon 11), polydodecanamide ( nylon 12), 
polycaproamide /polyhexamethylenadipamide copolymer ( nylon 
6/66 ) , polycapramide/polyhexamethyleneterephthalamide 
copolymer (nylon 6/6T) , 

polyhexamethylenadipamide/polyhexamethyleneterephthalamide 
copolymer (nylon 66/6T), 

polyhexame thylenadipamide/polyhexamethylenisophthalamide 
copolymer (nylon 66/61), 



polyhexamethyleneterephthalamide/polyhexamethylenisophthal 
amide copolymer ( nylon 6T/6I ) r 

polyhexamethyleneterephthalamide/polydodecanamide copolymer 
(nylon 6T/12) , 

polyhexamethylenadipamide/polyhexamethyleneterephthalamide 
/polyhexamethylenisophthalamide copolymer (nylon 66/6T/6I), 
polyxylylenadipamide (nylon XD6), 

polyhexamethyleneterephthalamide/poly-2-methylpentamethyle 
neterephthalamide copolymer (nylon 6T/M5T), 

polynonamethyleneterephthalamide (nylon 9T), and their 
mixtures and copolymers. 

Especially preferred are copolymers having 
hexamethyleneterephthalamide units, such as nylon 6, nylon 66, 
nylon 610, nylon 6/66 copolymer, , nylon 6T/66 copolymer, nylon 
6T/6I copolymer, nylon 6T/12 and nylon 6T/6 copolymer. Also 
preferred in practical use are mixtures of these polyamide resins 
combined in accordance with the necessary properties such as 
impact resistance, moldability and miscibility. 

The degree of polymerization of the polyamide resins is 
not specifically defined. For example, preferred are those 
having a relative viscosity of from 1.5 to 7.0, more preferably 
from 2.0 to 6.0, measured in a 98 % concentrated sulfuric acid 
solution having a sample concentration of 0.01 g/ml at 25°C. 

Preferably, the polyamide resin for use in the invention 
contains a copper compound for improving the long-term heat 



resistance thereof . Examples of the copper compound are cuprous 
chloride, cupric chloride, cuprous bromide, cupric bromide, 
cuprous iodide, cupric iodide, cupric sulfate, cupric nitrate, 
copper phosphate, cuprous acetate, cupric acetate, cupric 
salicylate, cupric stearate, cupric benzoate, and chelate 
compounds of such an inorganic copper halide with 
xylylenediamine , 2 -mercaptobenzimidazole or benzimidazole . 
Especially preferred are cuprous compounds , and more preferred 
are cuprous halides . Examples of the preferred copper compounds 
are cuprous acetate and cuprous iodide . The amount of the copper 
compound to be added to the polyamide resin preferably falls 
between 0.01 and 2 parts by weight, more preferably between 
0.015 and 1 part by weight, relative to 100 parts by weight 
of the polyamide resin. If too much, the copper compound will 
release metal copper while the resin composition is molded in 
melt, and will discolor the moldings. The commercial value 
of discolored moldings is low. Combined with such a copper 
compound, an alkali halide may also be added to the polyamide 
resin. Examples of the alkali halide are lithium chloride, 
lithium bromide, lithium iodide, potassium chloride, potassium 
bromide, potassium iodide, sodium bromide, and sodium iodide. 
Especially preferred are potassium iodide and sodium iodide. 

The PPS resin (b) for use in the invention is a polymer 
having repetitive units of the following structural formula 
(I): 




From the viewpoint of its heat resistance, the polymer 
preferably contains at least 70 mol%, more preferably at least 
90 mol% of the repetitive units of the structure formula. The 
PPS resin may contain any other repetitive units such as those 
'l3 mentioned below, within a range smaller than 30 mol% of all 




CH 3 



The PPS polymer partly having the structure as above will 
have a lowered melting point. Therefore, in case where the 
melting point of the thermoplastic resin not in the barrier 
layer of the mult i- layer structure of the invention is low. 
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the PPS resin of the type is advantageous in point of its 
moldability. 

The melt viscosity of the PPS resin for use in the invention 
is not specifically defined, so far as the resin can be kneaded 
in melt. In general, it falls between 50 and 20000 poises (at 
320°C at a shear rate of 1000 sec -1 ), more preferably between 
100 and 5000 poises. 

The PPS resin of the type can be prepared in any known 
method, for example, according to the method for preparing 
polymers having a relatively small molecular weight, described 
in JP-B 3368/1970; or the method for preparing polymers having 
a relatively large molecular weight, described in JP-B 
12240/1977 and JP-A 7332/1986. Needless -to- say, the PPS resin 
prepared in the manner as above for use in the invention may 
be processed in various methods . For example , it may be heated 
in air for crosslinking it and/or increasing its molecular 
weight; or may be heated in an inert gas atmosphere such as 
nitrogen or under reduced pressure; or may be washed with any 
of organic solvents, hot water or aqueous acid solutions; or 
may be activated with any of functional group-having compounds 
such as acid anhydrides, amines, isocyanates and functional 
group-having disulfide compounds. 

One concrete method of heating the PPS resin for 
crosslinking it and/or increasing its molecular weight 
comprises heating it in an oxidizing gas atmosphere such as 



air or oxygen or in a mixed gas atmosphere comprising the 
oxidizing gas and an inert gas such as nitrogen or argon , in 
a container heated at a predetermined temperature so that its 
melt viscosity reaches the desired level. The temperature for 
the heat treatment generally falls between 170 and 280°C, but 
preferably between 200 and 270°C. The time for the heat 
treatment generally falls between 0.5 and 100 hours, but 
preferably between 2 and 50 hours. By controlling both the 
two , the melt viscosity of the resin can reach the desired level . 
The device for the heat treatment may be any ordinary hot air 
drier or may be a rotary heating device or a heating device 
equipped with a stirring blade. For efficiently and more 
uniformly heating the resin therein, preferred is a rotary 
heating device or a heating device equipped with a stirring 
blade . 

One concrete method of heating the PPS resin in an inert 
gas atmosphere such as nitrogen or under reduced pressure 
comprises heating it in an inert gas atmosphere such as nitrogen 
or under reduced pressure, at a temperature falling between 
150 and 280°C, preferably between 200 and 270°C, for a period 
of time falling between 0.5 and 100 hours, preferably between 
2 and 50 hours. The device for the heat treatment may be any 
ordinary hot air drier or may be a rotary heating device or 
a heating device equipped with a stirring blade. For 
efficiently and more uniformly heating the resin therein. 



preferred is a rotary heating device or a heating device equipped 
with a stirring blade. 

Preferably, the PPS resin for use in the invention is 
deionized. For deionizing it, concretely, the resin may be 
washed with any of aqueous acid solutions , hot water, or organic 
solvents. Two or more these treatments may be combined. 

One concrete method of washing the PPS resin with an organic 
solvent is described . The organic solvent to be used for washing 
the resin is not specifically defined, and may be any and every 
one not having the function of decomposing the PPS resin. For 
example, it includes nitrogen- containing polar solvents such 
as N-methylpyrrolidone, dimethylf ormamide, 

dimethylacetamide; sulfoxide or sulfone solvents such as 
dimethyl sulfoxide, dimethyl sulfone; ketone solvents such as 
acetone, methyl ethyl ketone, diethyl ketone, acetophenone; 
ether solvents such as dimethyl ether, dipropyl ether, 
tetrahydrofuran; halogen -containing solvents such as 
chloroform, methylene chloride, trichloroethylene, 
dichloroethylene, dichloroe thane , tetrachloroethane, 
chlorobenzene; alcohol or phenol solvents such as methanol, 
ethanol, propanol, butanol, pentanol, ethylene glycol, 
propylene glycol, phenol, cresol, polyethylene glycol; and 
aromatic hydrocarbon solvents such as benzene , toluene , xylene . 
Of those organic solvents, preferred are N-methylpyrrolidone, 
acetone, dimethylf ormamide , and chloroform. One or more such 



organic solvents may be used either singly or as combined . For 
washing the PPS resin with such an organic solvent, for example, 
the resin may be dipped in the solvent, optionally stirred or 
heated therein . The temperature at which the PPS resin is washed 
with such an organic solvent is not specifically defined, 
generally falling between room temperature and 300°C or so. 
The washing efficiency is higher at a higher washing temperature , 
but, in general, temperatures falling between room temperature 
and 150°C or so are enough for good washing results . After thus 
washed with such an organic solvent, the PPS resin is preferably 
washed a few times with water or warm water to remove the organic 
solvent remaining in the resin. 

One concrete method of washing the PPS resin with hot 
water is described. For the desired chemical change in the 
PPS resin washed with hot water , the water to be used is preferably 
distilled water or deionized water. Concretely, in general, 
a predetermined amount of the PPS resin is put into a 
predetermined amount of water, and heated under normal pressure 
or in a pressure container with stirring. Regarding the ratio 
of the PPS resin to water, it is desirable that the amount of 
water is larger than that of the resin. In general, the bath 
ratio is so selected that at most 200 g of the PPS resin is 
put in one liter of water. 

One concrete method of processing the PPS resin with acid 
is described. For example, the PPS resin is dipped in acid 



or an aqueous solution of acid, optionally stirred or heated. 
The acid to be used is not specifically defined, so far as it 
does not decompose the PPS resin. For example, it includes 
aliphatic saturated monocarboxylic acids such as formic acid, 
acetic acid, propionic acid, butyric acid; halo -substituted, 
aliphatic saturated carboxylic acids such as chloroacetic acid, 
dichloroacetic acid; aliphatic unsaturated monocarboxylic 
acids such as acrylic acid, crotonic acid; aromatic carboxylic 
acids such as benzoic acid, salicylic acid; dicarboxylic acids 
such as oxalic acid, malonic acid, succinic acid, phthalic acid, 
f umaric acid; inorganic acidic compounds such as sulfuric acid, 
phosphoric acid, hydrochloric acid, carbonic acid, silicic acid. 
Of those, preferred are acetic acid and hydrochloric acid. The 
acid-processed PPS resin is preferably washed a few times with 
water or warm water for removing the acid or salt remaining 
in the resin. The water to be used for the washing treatment 
is preferably distilled water or deionized water not interfering 
with the desirable chemical change in the acid-processed PPS 
resin. 

The resin composition of the invention may additionally 
contain any known compatibilizer having the function of 
improving the miscibility of the polyamide resin (a) and the 
PPS resin (b) that constitute the resin composition. Examples 
of the compatibilizer are organosilane compounds such as 
alkoxysilanes having at least one function group selected from 



an epoxy group, an amino group, an isocyanate group, a hydroxyl 
group, amercapto group and an ureido group; modif iedpolyolef ins 
such as random, block or graft copolymers of a-olefins, e.g., 
ethylene or propylene, with at least one compound selected from 
a, p -unsaturated carboxylic acids, e.g., acrylic acid, 
methacrylic acid, maleic acid or crotonic acid, or their 
derivatives, e.g., esters, anhydrides, halides or salts with 
sodium, potassium, magnesium or zinc; and epoxy group-having 
olefin copolymers such as those comprising, as the essential 
ingredients, a-olefins and glycidyl esters of a,p-unsaturated 
acids, as well as other polyf unctional epoxy compounds. Two 
or more of these may be combined for use herein. 

The thermoplastic resin structure of the invention is 
characterized by its partial or entire morphology of such that 
(1) aPPS resin component forms a continuous phase (matrix phase) 
and a polyamide resin component forms a disperse phase (for 
example, like a sea-island configuration), or (2) a PPS resin 
component and a polyamide resin component both form 
substantially continuous phases (for example, like a sea- sea 
configuration), or (3) the continuous phase is formed of a 
polyamide resin component and the disperse phase is formed of 
a large number of thin, two-dimensional laminae (layers) of 
aPPS resin component (like a laminar configuration) . The shape 
of the structure is not specifically defined. In different 
sites of the structure, the morphology (1), (2) or (3) may be 



present together, or may appear twice or more. The morphology 
(1), (2) or (3) can be seen and confirmed through scanning or 
transmission electronic microscopy. 

The blend ratio of the polyamide resin (a) and the PPS 
resin (b) that constitute the thermoplastic resin structure 
of the invention is described. In case where the PPS resin 
component forms a continuous phase (matrix phase) and the 
polyamide resin component forms a disperse phase in the 
morphology of the structure (for example, like a sea-island 
configuration as in Fig. 1) , the polyamide resin accounts for 
from 5 to 80 % by volume and the PPS resin for from 20 to 95 % 
by volume. Preferably, the polyamide resin accounts for from 
55 to 90 % by volume and the PPS resin for from 20 to 45 % by 
volume. In that case where the amount of the PPS resin component 
is small, the morphology in which the PPS resin forms a continuous 
phase can be formed, for example, by suitably controlling the 
melt viscosity ratio of polyamide resin/PPS resin . The moldings 
having the morphology have a good balance of wet characteristics 
and transmission resistance and, when they are used for the 
barrier layer in multi-layer structures, they also have a good 
balance of toughness, interlayer adhesiveness, barrier 
properties and cost. Therefore, they are extremely favorable. 
More preferably, the blend ratio of the two components is such 
that the polyamide resin accounts for from 60 to 75 % by volume 
and the PPS resin for from 25 to 40 % by volume . If the polyamide 



resin component (a) is larger than 80 % by volume, the PPS resin 
component could hardly form the continuous phase characteristic 
of the resin moldings of the invention, and the object of the 
invention cannot be attained. On the other hand, if the 
polyamide resin component (a) is smaller than 5 % by volume, 
it is unfavorable since the resin moldings could not be tough 
and the multi- layer structures could not have good inter layer 
adhesiveness . 

In case where the PPS resin component and the polyamide 
resin component both form substantially continuous phases 
(matrix phases) in the morphology of the resin structure (for 
example, like a sea-sea configuration as in Fig. 2), it is 
important that the melt viscosity and the compatibility of the 
polyamide resin and the PPS resin are controlled within a 
composition range of such that the polyamide resin accounts 
for from 15 to 85 % by volume and the PPS resin for from 15 
to 85 % by volume. For embodying the separated morphology in 
that manner, the blend ratio of the two components is preferably 
such that the polyamide resin accounts for from 30 to 70 % by 
volume and the PPS resin for from 30 to 70 % by volume, more 
preferably such that the polyamide resin accounts for from 35 
to 65 % by volume and the PPS resin for from 35 to 65 % by volume. 
If the polyamide resin component (a) is larger than 85 % by 
volume , the PPS resin component could hardly forma substantially 
continuous phase, and structures that attain the object of the 



invention could not be obtained. 

For forming the morphology in which the polyamide resin 
component forms a continuous phase (matrix phase) and the PPS 
resin component forms a large number of thin, two-dimensional 
laminae (layers) of a disperse phase (a laminar structure as 
in Fig. 3), the polyamide resin accounts for from 55 to 95 % 
by volume and the PPS resin for from 5 to 45 % by volume. 
Preferably, the polyamide resin accounts for from 60 to 95 % 
by volume and the PPS resin for from 5 to 40 % by volume; more 
preferably, the polyamide resin accounts for from 65 to 95 % 
by volume and the PPS resin for from 5 to 35 % by volume. If 
the polyamide resin component (a) is larger than 95 % by volume, 
the laminar disperse phase of the PPS resin component could 
not be prolonged to have a desired length and a desired weight, 
and the object of the invention cannot be attained. If the 
polyamide resin component (a) is smaller than 55 % by volume, 
the PPS resin component could hardly form a laminar disperse 
phase. 

L/T (length/ thickness) of the PPS resin component that 
forms the laminar disperse phase is preferably at least 30. 
More preferably, L/T is at least 100, even more preferably at 
least 150. If L/T is smaller than 30, structures having the 
desired barrier properties could not be obtained . The uppermost 
limit of L/T is not specifically defined, but is preferably 
at most 1 x 10 6 in practical use. 



The inorganic filler (c) usable in the invention is not 
specifically defined, and may be any fibrous, tabular, powdery 
or granular filler. Concretely, for example, it includes 
fibrous or whisker fillers such as glass fibers, PAN or 
pitch- type carbon fibers, metal fibers, e.g. , stainless steel 
fibers , aluminium fibers or brass fibers , organic fibers , e.g., 
aromatic polyamide fibers, and gypsum fibers, ceramic fibers, 
asbestos fibers, zirconia fibers , alumina fibers , silicaf ibers, 
titanium oxide fibers, silicon carbide fibers, rock wool, 
potassium titanium whiskers, barium titanate whiskers, 
aluminium borate whiskers, silicon nitride whiskers; and 
non-fibrous fillers such as silicates, e.g., wollastonite, 
sericite, kaolin, mica, clay, bentonite, asbestos, talc, 
alumina silicate, swellable phyllosilicates , e.g., 
montmorillonite, synthetic mica, metal compounds, e.g., 
alumina, silicon oxide, magnesium oxide, zirconium oxide, 
titanium oxide , iron oxide, carbonates, e.g. , calcium carbonate, 
magnesium carbonate , dolomite, sulfates, e.g., calcium sulfate, 
barium sulfate, and glass beads, ceramic beads, boron nitride, 
silicon carbide, calcium phosphate, and silica. Of those 
fillers , preferred are glass fibers , as well as PAN carbon fibers 
for electroconductive structures . The type of the glass fibers 
for use herein is not specifically defined, and may be any ones 
generally used for reinforcing resin. For example, they may 
be in any form of long fibers or short fibers of chopped strands 



or milled fibers. As combined, two or more different types 
of fillers mentioned above may be used herein. On its surface, 
the filler for use in the invention may be pre-treated with 
a known coupling agent (e.g., silane coupling agent, titanate 
coupling agent) or with any other surface-treating agent. 
Swellable phyllosilicates serving as the filler may be 
pre-treated with an organic onium compound. Thus pre-treated, 
the filler is preferred, as it enhances the mechanical strength 
and the barrier properties of the resin structure containing 
It. 

Glass fibers serving as the filler may be coated or bundled 
with thermoplastic resin such as ethylene/vinyl acetate 
copolymer or with thermosetting resin such as epoxy resin. 

The amount of the inorganic filler (c) to be in the resin 
composition preferably falls between 0 . 5 and 200 parts by weight , 
more preferably between 5 and 200 parts by weight, even more 
preferably between 10 and 150 parts by weight relative to 100 
parts by weight of the total of the polyamide resin (a) and 
the PPS resin (b) therein. 

The multi- layer structure of the invention is formed by 
laminating different types of resin layers, in which at least 
one layer (hereinafter referred to as a barrier layer (a)) is 
formed of the thermoplastic resin structure having the specific 
morphology as above, or a resin layer (hereinafter referred 
to as a neighboring layer (p) ) differing from the barrier layer 



is formed on at least one surface of a layer of the thermoplastic 
resin structure of the invention having a different composition 
or morphology (this is also a barrier layer) or the barrier 
layer . In one preferred embodiment of the multi -layer structure 
of the invention, an adhesive, co-extrudable resin layer 
(hereinafter referred to as an adhesive layer (y) ) is suitably 
formed between the barrier layer (a) and the neighboring layer 
(p) for enhancing the adhesiveness between the two layers. 
Concretely, for example, the layer configuration of the 
multi-layer structure of the type includes a two-resin two-layer 
configuration of layer (a) /layer ((3); a two-rein three-layer 
configuration of layer (p)/layer (a)/layer ((3); a three-resin 
three-layer configuration of layer (p)/layer (y)/layer (a); 
a three-resin four-layer configuration of layer (p) /layer 
(y)/layer (cc)/layer (p); and a three-resin five-layer 
configuration of layer (P) /layer (y) /layer (a) /layer (y) /layer 
(P), to which, however, the invention is not limited. 

The resin to form the neighboring layer (p) in the 
multi-layer structure of the invention is a thermoplastic resin 
of which the morphology and the composition differ from the 
requirements in the invention. The type of the thermoplastic 
resin is not specifically defined, and may be any one selected 
in accordance with the use and the object of the multi- layer 
structure. Its examples are saturated polyester resins, 
polysulfone resins, polyethylene tetraf luoride resins. 



polyetherimide resins , poly ami dimide resins , polyamide resins , 
polyimide resins, polycarbonate resins, polyether sulfone 
resins, polyether ketone resins, polythioether ketone resins, 
polyether- ether ketone resins, thermoplastic polyurethane 
resins, polyolefin resins, ABS resins, polyamide elastomers, 
and polyester elastomers . Two or more of these may be combined 
for use herein. Of those, especially preferred are polyolefin 
resins, thermoplastic polyester resins, polyamide resins, 
polycarbonate resins and ABS resins. 

Preferred examples of the polyolefin resins are low-, 
middle- and high- density polyethylene, polypropylene, 
ethylene/propylene copolymer , poly- 1 -butene , 

poly- 4 -methylpentene- 1 , polyethylene chloride , 

chloropolyethylene , chloropolypropylene , and 

polymethylpentene. Of those, more preferred are low- , middle- 
and high-density polyethylene, polypropylene, and 
ethylene/propylene copolymer . 

Preferred examples of the thermoplastic polyesters are 
those obtained from dicarboxylic acids such as terephthalic 
acid and aliphatic diols. The dicarboxylic acids except 
terephthalic acid for the polyesters are, for example, aliphatic 
dicarboxylic acids having from 2 to 20 carbon atoms, such as 
azelaic acid, sebacic acid, adipic acid, decanedicarboxylic 
acid; aromatic dicarboxylic acids such as isophthalic acid, 
naphthalenedicarboxylic acid; andalicyclic dicarboxylic acids 



such as cyclohexanedicarboxylic acid. One or more of these 
may be used either singly or as combined. The aliphatic diols 
Include, for example, ethylene glycol, 1 , 2 -propylene glycol, 

1 . 3- propylene glycol, 1 , 4-butanediol, trimethylene glycol, 

1 . 4 - cyclohexanedimethanol , and hexamethylene glycol . 
Concretely, the polyesters are polyethylene terephthalate, 
polypropylene terephthalate , polybutylene terephthalate , 
polyhexamethylene terephthalate , 
polycyclohexylenedimethylene terephthalate, and polyethylene 
naphthalate. Of those, especially preferred for use herein 
are polybutylene terephthalate of good mechanical strength, 
and copolyesters that comprise a dicarboxylic acid component 
containing at least 60 mol%, preferably at least 70 mol% of 
terephthalic acid along with dodecanedicarboxylic acid and/ or 
isophthalic acid, and a 1, 4-butanediol component. 

The degree of polymerization of these thermoplastic 
polyester resins is not specifically defined. For example, 
polybutylene terephthalate and polybutylene terephthalate 
copolymer that are preferred for use in the invention are 
preferably such that the intrinsic viscosity thereof measured 
in a 0.5 % orthochlorophenol solution at 25°C falls between 
0.5 and 2.5, more preferably between 0 . 8 and 2.0. Polyethylene 
terephthalate for use herein is preferably such that its 
intrinsic viscosity measured in a 0.5 % orthochlorophenol 
solution at 25°C falls between 0.54 and 1.5, more preferably 



between 0.6 and 1.2. 

Examples of the polyamide resins may be the same as those 
of the component (a) mentioned hereinabove. Above all, 
especially preferred are polyamide resins that are so 
constituted that the number of carbon atoms in one amido group 
therein falls between 8 and 15. More preferred are polyamide 
resins derived from a monomer of aminocarboxylic acid or its 
derivative, as they ensure better low- temperature toughness. 
Examples of the polyamides of the type include are 
polydodecanamide (nylon 12) and polyundecanamide (nylon 11), 
and polyamides having a relative viscosity, measured in 
metacresol (having a polymer concentration of 0.5 % by weight) 
at 25°C, of from 1.0 to 7.0, preferably from 1.5 to 5.0. 

The degree of polymerization of the polyamide resins is 
not specifically defined. For example, preferred are those 
having a relative viscosity of from 1.5 to 7.0, more preferably 
from 2.0 to 6.5, even more preferably from 2.5 to 5.5, measured 
in a 98 % concentrated sulfuric acid solution having a sample 
concentration of 0.01 g/ml at 25°C. 

The thermoplastic resins to form the neighboring layer 
({J) may contain, if desired, additives such as plasticizer, 
antioxidant, nucleating agent and colorant suitable to the 
respective resins. 

The multi-layer structure of the invention, which has 
a barrier layer (a) formed of the thermoplastic resin structure 



having a separated morphology specifically defined in the 
invention, and a neighboring layer (£) formed on one or both 
surfaces of the barrier layer, can be produced, for example, 
in a two-layer injection molding method. However, the 
multi-layer structure in the form of a film or sheet may be 
produced in a coextrusion molding method that comprises melting 
the layer-forming compositions in separate extruders, feeding 
the melts into a multilayer-forming die and coextruding them 
through the die; or in a lamination molding method that comprises 
separately forming a layer to be the neighboring layer followed 
by melt -extruding a barrier layer thereon. The multi-layer 
structure for blow-molding containers such as bottles, barrels 
or tanks or for tabular articles such as pipes or tubes may 
be produced in an ordinary coextrusion molding method. For 
example, two -layered blow moldings of the multi-layer structure, 
of which the inner layer is a barrier layer having a specific 
morphology as herein and the outer layer is a neighboring layer, 
can be produced by separately feeding a resin composition for 
the barrier layer and a resin composition for the neighboring 
layer into the respective two extruders, then feeding the two 
resin melts into a die common thereto under pressure to form 
the respective circular flows integrated in such a manner that 
the flow for the barrier layer is inside and the flow for the 
neighboring layer is outside, then coextruding them out of the 
die, and working the resulting laminate in an ordinary known 



tube-forming or blow-molding method to give the intended 
two -layered blow moldings • Three -layered blow moldings of the 
multi- layer structure can be produced in the same manner as 
above, but using three extruders to form three-layered 
structures. For these, alternatively, usable are two extruders 
to form two -resin three -layered blow moldings . Of those methods , 
preferred is the coextrusion molding method as it ensures good 
interlayer adhesiveness of the multi-layer structures produced 
therein . 

Preferably, the multi-layer structure of the invention 
has an adhesive layer (7) suitably formed between the barrier 
layer ( a) and the neighboring layer ( p ) for the purpose of further 
improving the impact resistance, the moldability and the 
interlayer adhesiveness thereof . The resin to form the adhesive 
layer is not specifically defined in point of its configuration, 
so far as it is adhesive to both the barrier layer (a) and the 
neighboring layer ( p ) and it is coextrudable with the two layers . 
Concretely, examples of the resin are modified polyolef ins such 
as random, block or graft copolymers comprising an a- olefin, 
e.g. , ethylene or propylene, and at least one compound selected 
from a, p -unsaturated carboxylic acids such as acrylic acid, 
methacrylic acid, maleic acid and crotonic acid, and their 
derivatives such as esters, anhydrides, halides and salts with 
sodium, potassium, magnesium or zinc; random, block or graft 
copolymers comprising an a- olefin such as ethylene or propylene, 



and at least one compound selected from vinyl acetate, vinyl 
alcohol and styrenes; copolyamide adhesives and copolyester 
adhesives. Depending on the use of the adhesive layer, the 
multi-layer structure may have different forms of, for example, 
two-resin two-layer, two-resin three-layer, three-resin 
three-layer, three-resin four-layer or three-resin five-layer 
structures. 

For making it electroconductive, the thermoplastic resin 
structure of the invention may contain an electroconductive 
f iller and/or an electroconductive polymer . The additives are 
not specifically defined. For example, the electroconductive 
filler may be any and every one generally used in ordinary resins 
for making them electroconductive. Its examples are metal 
powders , metal flakes , metal ribbons , metal fibers , metal oxides , 
electroconductive substance-coated inorganic fillers, carbon 
powder, graphite, carbon fibers, carbon flakes, and scaly 
carbon . 

Examples of the metal for the metal powders , metal flakes 
and metal ribbons are silver, nickel, copper, zinc, aluminium, 
stainless steel, iron, brass, chromium, and tin. 

Examples of the metal for the metal fibers are iron , copper , 
stainless steel, aluminium, and brass. 

The metal powders, metal flakes, metal ribbons and metal 
fibers may be processed on their surfaces with a surface - treating 
agent such as titanate-type, aluminium- type or silane-type 



agents. 

Examples of the metal oxides are (antimony- doped) Sn0 2/ 
(antimony- doped) ln 2 0 3 , and (aluminium- doped) ZnO. These may 
be processed on their surfaces with a surf ace -treating agent 
such as titanate, aluminium or silane coupling agents. 

Examples of the electroconductive substance for the 
electroconductive substance-coated inorganic fillers are 
aluminium, nickel, silver, carbon, (antimony- doped) Sn0 2 , and 
(antimony- doped) ln 2 0 3 . Examples of the inorganic fillers to 
be coated with it are mica, glass beads, glass fibers, carbon 
fibers, potassium titanate whiskers, barium sulfate , zinc oxide, 
titanium oxide, aluminium borate whiskers, zinc oxide whiskers , 
titanium oxide whiskers, and silicon carbide whiskers. For 
coating them, for example, employable are various methods of 
vacuum vapor deposition, sputtering, electroless plating or 
baking. The inorganic fillers may be processed on their 
surfaces with a surface-treating agent such as titanate, 
aluminium or silane coupling agents. 

Grouped from its starting materials and production 
methods, carbon powder includes , for example, acetylene black, 
gas black, oil black, naphthalene black, thermal black, furnace 
black, lamp black, channel black, roll black, and disc black. 
The carbon powder for use in the invention is not specifically 
defined in point of its starting materials and product ion methods . 
For it, however, especially preferred are acetylene black and 



furnace black. Produced are various types of carbon powder 
that differ in their characteristic parameters such as particle 
size, surface area, DBP oil absorption and ash content. The 
carbon powder for use in the invention is not specifically 
defined in point of its characteristic parameters. However, 
for good balance of strength and electroconductivity thereof, 
the carbon powder for use herein preferably has a mean particle 
size of at most 500 nm, more preferably falling between 5 and 
100 nm, even more preferably between 10 and 70 nm. The specific 
surface area (in BET method) of the carbon powder is preferably 
at least 10 m 2 /g, more preferably at least 30 m 2 /g. The DBP 
oil absorption thereof is preferably at least 50 ml/ 100 g, more 
preferably at least 100 ml/100 g. The ash content thereof is 
preferably at most 0.5 % by weight, more preferably at most 
0.3 % by weight. 

The carbon particles may be processed on their surfaces 
with a surface-treating agent such as titanate-type, 
aluminium- type or silane-type agents. For better 

process ability in melt kneading, the carbon powder may be formed 
into granules. 

Depending on their use, the moldings of the invention 
are desired to have good surface smoothness. From this 
viewpoint, desired for the electroconductive fillers for use 
in the invention are powdery, granular, tabular or flaky matters 
as well as fibrous matters that have a ratio of length/diameter 
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of at most 200 in the resin composition, rather than fibrous 
fillers having a high aspect ratio, like those for the inorganic 
filler (c) used in the invention. 

Examples of the electroconductive polymer are polyaniline , 
polypyrrole, polyacetylene, poly(paraphenylene) , 

polythiophene , and polyphenylenevinylene . 

Two or more different matters of the electroconductive 
filler and/ or the electroconductive polymer may be used herein, 
as combined. Of those electroconductive fillers and 
electroconductive polymers, especially preferred is carbon 
black as it is strong and inexpensive. 

The content of the electroconductive filler and/or the 
electroconductive polymer that may be in the resin structure 
of the invention varies, depending on the type of the 
electroconductive filler and/or the electroconductive polymer 
to be used, and therefore could not be indiscriminately defined. 
However, from the viewpoint of the balance of the 
electroconductivity, the flowability and the mechanical 
strength of the resin composition, it is desirable that the 
filler content of the resin composition falls between 1 and 
250 parts by weight, more preferably between 3 and 100 parts 
by weight relative to 100 parts by weight of the total of the 
components (a), (b) and (c) . Also more preferably, the filler 
content falls between 3 and 100 parts by weight relative to 
100 parts by weight of the total of the components (a) and (b) 
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for well making the resin structure electroconductive. 

Preferably, the electroconductive resin structure has 
a volume resistivity of at most 10 10 Qcm in order that it is 
resistant to static electrification. However, the 

electroconductive filler and the electroconductive polymer, 
if any in the resin composition, will often worsen the 
f lowability of the composition and the strength of the resin 
structure . Therefore , so far as the intended electroconductive 
level is attained, the amount of the electroconductive filler 
and the electroconductive polymer to be in the resin composition 
is as small as possible. The intended electroconductive level 
varies , depending on the use of the resin structure . In general , 
the volume resistivity of the resin structure shall be larger 

than 100 Q-cm but not larger than 10 10 Qcm. 

The resin composition of the invention may contain any 
other components not detracting from the effect of the invention . 
For example, it may contain any of antioxidants and 
heat-resistant stabilizers (e.g., hindered phenols, 
hydroquinones , phosphites and their substituted derivatives) , 
weatherproof ing agents (e.g., resorcinols, salicylates, 
benzotriazoles, benzophenones , hindered amines) , mold release 
agents and lubricants (e.g. , montanic acid and its metal salts, 
esters and half esters; stearyl alcohol, stearamide, various 
bisamides, bisureas, polyethylene wax), pigments (e.g., 
cadmium sulfide, phthalocyanine, carbon black), dyes (e.g., 



nigrosine), nucleating agents (e.g., talc, silica, kaolin, 
clay), plasticizers (e.g., octyl p-hydroxybenzoate, 
N-butylbenzenesulfonamide) , antistatic agents (e.g., 
alkylsulfate-type anionic antistatic agents, quaternary 
ammonium- type cationic antistatic agents, nonionic antistatic 
agents such as polyoxyethylene sorbitan monostearate, 
betaine-type ampholytic antistatic agents), flame retardants 
(e.g. , red phosphorus, melamine cyanurate, hydroxides such as 
magnesium hydroxide and aluminium hydroxide, ammonium 
polyphosphate, polystyrene bromide, polyphenylene ether 
bromide, polycarbonate bromide, epoxy bromide resin, and 
combinations of such a bromine -containing flame retardant and 
antimony trioxide), and other polymers. 

The method for producing the resin structure of the 
invention is not specifically defined, so far as the resin 
structure produced can have the morphology that satisfies the 
requirement of the invention . For example , the polyamide resin 
and the PPS resin to form the resin structure are fed into separate 
two extruders through the respective main feeders and an 
Inorganic filler is added thereto through a side feeder disposed 
at the top of each extruder; or the polyamide resin and the 
PPS resin are first kneaded in melt , and an inorganic filler 
is added to the mixed resin melt. 

The thermoplastic resin structure and the multi- layer 
structure of the invention may be shaped in any known manner. 



and the method of molding them is not specifically defined, 
for which, for example, employable is injection molding, 
extrusion molding, blow molding or press molding. Especially 
preferred for molding them is at least one method selected from 
injection molding, injection compression molding and 
compression molding for enhancing the productivity and the 
industrial application of the invention. The molding 
temperature may fall generally within a range higher than the 
melting point of the PPS resin by from 5 to 50°C. In general, 
the moldings are single -layered, but may be multi-layered in 
a two -layer molding method. 

The layer configuration in the multi -layer structure of 
the invention is not specifically defined. All the layers of 
the multi-layer structure may be formed of the thermoplastic 
resin structure of the invention, or any other thermoplastic 
resin may be used for some layers . In two or more multi- layered 
multi-layer structures, the layer of the thermoplastic resin 
structure of the invention is preferably the innermost layer 
in order that it can fully exhibit its transmission-resistant 
effect . The moldings obtained herein may be integrated together 
or with other moldings by the use of an adhesive or through 
hot -sealing, and the method of integrating them is not 
specifically defined, for which are employable any known 
techniques . 

As the thermoplastic resin structure and the multi-layer 



structure of the invention have good gas barrier properties, 
and are durable and easy to work, they are favorable for 
containers for transportation and/or storage of liquid 
chemicals and gases, for the attached parts of such containers, 
and also for multi-layered tubes or multi-layered blow moldings 
to be formed through coextrusion. Regarding the liquid 
chemicals and the gases , the resin structure and the multi- layer 
structure are highly resistant to transmission therethrough 
of vapors and/or liquids and also evaporated gases , for example , 
Flon-11, Flon-12, Flon-21, Flon-22, Flon-113, Flon-114, 
Flon-115, Flon-134a, Flon-32, Flon-123, Flon-124, Flon-125, 
Flon-143a, Flon-141b, Flon-142b, Flon-225, Flon-C318, R-502, 
1, 1, 1-trichlor oe thane, methyl chloride, methylene chloride, 
ethyl chloride, methylchlorof orm, propane, isobutane, n-butane, 
dimethyl ether, castor oil-based brake fluid, glycol 
ether-based brake fluid, borate-based brake fluid, brake fluid 
for use in extremely cold regions, silicone oil-based brake 
fluid, mineral oil-based brake fluid, power steering oil, 
windshield wash, gasoline, methanol, ethanol, isobutanol, 
butanol, nitrogen, oxygen, hydrogen, carbon dioxide, methane, 
propane, natural gas, argon, helium, xenon and medicines. 
Therefore, the resin structure and the multi -layer structure 
have many applications for parts of electric and electronic 
appliances , medical appliances , food- related appliances , 
household and office-use appliances, constructions -related 



parts, furniture parts and others. For example, their 
applications are for films of transmission resistance against 
vapors and/or liquids mentioned above; as well as for tanks 
and bottles for automobile parts, parts for medical appliances 
and daily commodities, such as air bags, bottles for liquid 
chemicals such as shampoo, rinse, liquid soap, detergent, tanks 
for storage of liquid chemicals, tanks for storage of gases, 
coolant tanks, oil transportation tanks, disinfectant tanks, 
tanks for blood transfusion pumps, fuel tanks, windshield wash 
tanks, oil reservoir tanks, canisters; Attached parts for such 
tanks and bottles, such as valves, e.g., cutoff valves, joints, 
gauges for attendant pumps , cases and other parts , various fuel 
tubes and connecting parts (e.g., connectors ) , e . g . , fuel filler 
under-pipes, ORVR hoses, reserve hoses, bent hoses, oil tubes 
and connecting parts, brake hoses and connecting parts, 
windshield wash nozzles and hoses , cooler hoses and connecting 
parts for cooling water and coolant, tubes and connecting parts 
for coolant for air conditioners, floor-warming pipes and 
connecting parts, fire extinguishers and fire hoses, tubes, 
connecting parts and valves for medical cooling devices, tubes 
for transportation of liquid chemicals and gases, containers 
for storage of liquid chemicals, and other applications 
requiring liquid chemical and vapor transmission resistance; 
and machine parts such as automobile parts, internal combustion 
engine parts, and housings for electric tools. 
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EXAMPLES 

The invention is described in detail hereihunder with 
reference to Examples. However, the scope of the invention 
is not limited to only the following Examples. 

(1) Alcohol gasoline transmission: 

Using a 40 mm<|> extruder with a tubular die, a sizing die 
to cool the tube extruded out of the extruder and to control 
the size of the tube and a take-up unit disposed at its top, 
a tube having an outer diameter of 8 mm and an inner diameter 
of 6 mm was molded. The tube was cut into a length of 20 cm. 
One end of the sample was sealed up, just 6 g of an alcohol 
gasoline mixture of commercially- available regular 
gasoline/ethanol of 75/25 by weight was put into it, and the 
other end thereof was sealed up . With that , the overall weight 
of the sample was measured. The sample was put into an 
explosion -proof oven at 60°C, and kept therein for 500 hours, 
and its weight loss was measured. 

(2) Alcohol gasoline transmission in wet: 

The test tube filled with the alcohol gasoline mixture 
in the same manner as in the above (1) was kept in a 
thermo-hygrostat at 40°C and 65 % RH for 500 hours, and its 
weight loss was measured. 

(3) Oxygen transmission: 

Measured according to JIS K7176, method A (differential 



pressure method) , for which used was GTR-10 (by Yanako Bunseki 
Kogyo ) . 

(4) Mechanical strength: 

Measured according to standard methods mentioned below. 
Tensile strength: ASTM D638 
Flexural modulus: ASTM D790 
Izod impact strength: ASTM D256 

(5) Water absorption: 

Test pieces of ASTM #1 (thickness, 1/8 inches) were 
prepared. They were kept in a thermo-hygrostat at 60°C ahd 95 % 
RH for 24 hours. The weight increase in wet was obtained from 
the absolute dry weight of the test piece just after prepared 
and the wet weight thereof after wetted. 

Water absorption (%) = {(wet weight - absolute dry 
weight) /(absolute dry weight)} x 100. 

(6) Dimensional stability in wet: 

The test pieces were wetted in the same manner as in the 
test for water absorption. The length increase in wet was 
obtained from the length (in the machine direction) of the dry 
test piece just after prepared and the length of the wetted 
test piece. 

Dimensional stability in wet (%) = {(length of wetted 
test piece - length of dry test piece ) / ( length of dry test piece ) } 
x 100. 

(7) Flexural modulus in wet: 



The f lexural modulus of the test piece wetted in the same 
manner as in the test for water absorption was measured according 
to ASTM D790. 

(8) Analysis of separated morphology: 

The cross section (barrier layer) of the molded tube was 
analyzed with electronic microscopes (TEM, SEM) . 

(9) Melt viscosity ratio: 

Using a plunger-type capillary rheometer, the melt 
viscosity (poise) of the resin sample was measured at its 
melt -kneading temperature at a shear rate of 10 sec" 1 . 
Melt viscosity rat io= (melt viscosity of polyamide resin) /(melt 
viscosity of PPS resin) . 

(10) Physical properties of multi- layer structure: 
(A) Gasohol barrier properties: 

The tube was cut into a length of 30 cm. One end of the 
sample was sealed up, an alcohol gasoline mixture of 
commercially- available regular gasoline/methyl alcohol of 
85/15 (by weight) was put into it, and the other end thereof 
was sealed up. With that, the overall weight of the sample 
was measured. The sample was put into an explosion -proof oven 
at 40°C. From the weight change of the sample, the alcohol 
gasoline transmission through the tube was determined. 
'.(B) Interlayer adhesion strength: 

The tube was cut and opened into a rectangular strip having 
a width of 10 mm, and the inner and outer layers with an adhesive 



layer therebetween (the adhesive layer was stuck to the 
neighboring layer (|3) of a thermoplastic resin composition) 
were peeled away by pulling them in the opposite directions 
at 180 degrees, whereupon the adhesion strength per the unit 
length of the sample was measured. 

[Reference Example 1 (preparation of PPS copolymer)] 

3 . 26 kg of sodium sulfide ( 25 mols , containing 40 % crystal 
water), 4 g of sodium hydroxide, 1.36 kg of sodium acetate 
trihydrate (about 10 mols), and 7.9 kg of N-methylpyrrolidone 
were fed into an autoclave equipped with a stirrer, and gradually 
heated up to 205°C with stirring, and about 1.5 liters of 
distillate containing 1.36 kg of water was removed. To the 
residual mixture, added were 3.38 kg of 1 , 4-dichlorobenzene 
(23.0 mols), 0.37 kg of 1 , 3-dichlorobenzene (2.5 mols), and 
2 kg of NMP, and heated at 265°Cfor 5 hours. The reaction product 
was washed three times with hot water at 70°C, then with aqueous 
acetic acid solution with pH = 4 at 60°C, and further four times 
with hot water at 70°C, and then dried under reduced pressure 
at 80°C for 24 hours to obtain about 2 kg of a PPS copolymer 
resin having a melting point of 255°C and a melt flow rate (MFR) 
of 800 g/10 min (at 315°C under 5000 g) . 

[Reference Example 2 (preparation of organophyllosilicate) ] 
100 g of Na-type montmorillonite (Kunipia F by Kunimine 
Industry, having a cation exchange capacity of 120 meq/100 g) 
was dispersed in 10 liters of warm water with stirring, to which 



was added 2 liters of warm water containing 48 g of 
trioctylmethylammonium chloride (1 equivalent to the cation 
exchange capacity) dissolved therein, and stirred for 1 hour. 
The precipitate formed was taken out through filtration, and 
washed with warm water. The washing and filtering operation 
was repeated three times, and the resulting solid was dried 
in vacuum at 80°C to obtain a dried, organophyllosilicate . The 
.. inorganic ash content of the organophyllosilicate was 67 % by 

\i£ weight. It was measured as follows: 0.1 g of the 

• -,fr organophyllosilicate was ashed in an electric furnace at 500°C 

w 

m 

|j for 3 hours, and the weight change before and after the ashing 

m ■ 

was measured. 

\Wi ■ - 

,f The polyamide resins and PPS used in Examples and 

P Comparative Examples are mentioned below. Unless otherwise 

i|j specifically indicated, they were prepared through ordinary 

polymerization. 

< Polyamide Resins > 

(N6-1) : nylon 6 resin having melting point of 225°C and relative 
viscosity of 2.80. 

(N6-2 ) : nylon 6 resin having melting point of 225°C and relative 
viscosity of 3.30. 

(N6-3) : nylon 6 resin having melting point of 225°C and relative 
viscosity of 3.40. 

(N6-4) : nylon 6 resin having melting point of 225°C and relative 
viscosity of 4.30. 
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(N6-5): phyllosillcate-containing nylon 6 resin prepared by 
mixing 100 parts by weight of nylon 6 resin having melting point 
of 225°C and relative viscosity of 3.40 and 5 parts by weight 
of the organophyllosilicate prepared in Reference Example 2, 
followed by melt -extruding the resulting mixture through a 
double-screw extruder at a cylinder temperature of 250°C. 
(N66) : nylon 66 resin having melting point of 265°C and relative 
viscosity of 3,20. 

(N6/66): nylon 6/66 copolymer having melting point of 217°C 
and relative viscosity of 2.85. 

(6T/12): nylon 6T/12 copolymer having melting point of 300°C 
and relative viscosity of 2.50. 
<PPS Resins > 

(PPS-l)s PPS resin having melting point of 280°C / melt flow 

rate (MFR) of 1000 g/10 min (at 315°C under 5000 g) and 

weight -average molecular weight (Mw) of 30000. 

(PPS-2): PPS resin having melting point of 280°C, MFR of 300 

g/10 min, Mw of 49000 and viscosity of 700 poises. 

(PPS-3): PPS resin having melting point of 280°C, MFR of 100 

g/10 min, Mw of 70000 and viscosity of 1700 poises. 

(PPS-4): PPS resin having melting point of 280°C, MFR of 600 

g/10 min, Mw of 38000 and viscosity of 450 poises. 

(PPS-5) : PPS copolymer resin prepared in Reference Example 1, 

having melting point of 255°C and MFR of 800 g/10 min. 

< Thermoplastic resins except resin compositions to form barrier 



layer (these are for neighboring layer) > 

CfJ-l): high-density polyethylene having MFR of 0.3 g/10 min 
and density of 0.945. 

(J3-2) : polybutylene terephthalate (Toray's LUMI CON 5201X11) . 
(|3-3) : nylon 11 (Toray's RILSAN BESN 0 P40TL). 
<Resins for adhesive Layer > 

(y-1): ethylene /glycidyl methacrylate (94/6 wt.%) copolymer. 
(y-2): ethylene /methyl acrylate/glycidyl methacrylate 
(64/30/6 wt.%) copolymer. 

Examples 1 to 12, Comparative Examples 1 to 4: 

As in Tables 1 and 2, the polyamide resin and the PPS 
resin were mixed and fed into a double- screw extruder, Nippon 
Seikosho 1 s TEX 30 Model through its main feeder. The inorganic 
filler, if used, was fed thereinto through a side feeder provided 
at some part of the cylinder. These were kneaded in melt in 
the extruder at 300°C, for which the screw revolution was 200 
rpm. The resulting pellets were dried, and then 
injection-molded into test pieces. The injection-molding 
machine used was Toshiba Kikai's IS100FA, and the mold 
temperature was 80°C. In addition, the pellets prepared in the 
same manner as above were molded into tubes for the test for 
alcohol gasoline transmission through them. The data of the 
transmission resistance, the mechanical strength and the 
physical properties in wet of the samples are given in Tables 
1 and 2. 



In the Tables, GF is glass fibers (of 3 mm chopped strands 
having a fiber diameter of 10 \xm t by Nippon Electric Glass); 
MF is milled fibers (having a mean fiber length of 140 fxm and 
a mean fiber diameter of 9 \xm, by Nippon Electric Glass); and 
PA is polyamide resin. 
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As in Examples 1 to 12 and Comparative Examples 1 to 4, 
the resin moldings of the invention having a specific, separated 
morphology as defined herein have good transmission resistance, 
and especially when wetted, their transmission resistance, 
dimensional stability and stiffness are good and well balanced, 
and they confirmed the practical applicability of the resin 
structure of the invention. In addition, the test pieces formed 
through injection moldings also have good transmission 
resistance and confirmed the practical applicability of the resin 
structure of the invention* 

Examples 13 to 21, Comparative Examples 5 to 7: 

As in Tables 3 and 4, the polyamide resin and the PPS resin 
were mixed with an organosilane compound 

(y-glycidoxypropyltrimethoxysilane) for a barrier layer, and 
the resulting mixture was fed into a double-screw extruder, 
Nippon Seikosho f s TEX 30 Model, and kneaded in melt at 270 to 
300°C , for which the screw revolution was 200 rpnu The resulting 
pellets were dried, and then molded into tubes. 

In that manner, molded were three-resin three-layer tubes 
composed of one barrier layer (a), one neighboring layer (0) 
of thermoplastic resin, and one adhesive layer (y) between the 
barrier layer and the neighboring layer . For these, the molding 
machine used has three extruders, a forming die, a sizing die 
and a take-up unit, in which the resin melts extruded out of 
the three extruders are collected in an adapter and molded into 



a tube through the forming die, and the tube is cooled and its 
size is controlled by the sizing die. 

The three -layer tubes obtained herein had an outer diameter 
of 8 mm and an inner diameter of 6 mm, in which the thickness 
of the outer layer (thermoplastic resin layer) was 0.70 mm, that 
of the adhesive layer was 0.10 mm and that of the inner layer 
(barrier layer) was 0 . 20 mm. The multi-layer tubes were tested, 
and the test results are given in Tables 3 and 4. Some of them 
were analyzed through electronic microscopy, and their 
electronmicroscopic pictures showing the separated morphology 
are presented herewith as Figs. 4 to 7. 
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The multi-layer structures obtained in Examples 13 to 21 , 
which have a separated morphology defined in the invention, have 
good gasohol barrier properties and good interlayer adhesiveness , 
and their practical applicability is good. In addition, the 
Structures obtained in these Examples were fabricated into 
multi- layer blow moldings, and they had good properties. 

INDUSTRIAL APPLICABILITY 

The thermoplastic resin structure of the invention has 
good vapor and/or liquid barrier properties, and, even in 
high-humidity condition, its transmission resistance and 
stiffness are still good, and it has many applications in various 
fields . For example , it is favorable for electric and electronic 
appliances -related devices , precision machines -related devices , 
office-use appliances, automobiles and trains -related parts, 
building materials, wrapping and packaging materials , furniture, 
and daily necessaries. In addition, the multi-layer structure 
of the invention has good barrier properties against gasohol, 
and gives plastic containers and tubes having the advantages 
of strength, durability and workability. It is favorable for 
gasoline tanks for automobiles, containers and pipes for 
transportation and storage of liquid chemicals, and wrapping 
and packaging materials and containers for foods and medicines . 
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CLAIMS 

1. A thermoplastic resin structure formed of a resin 
composition that comprises substantially (a) from 5 to 80 % by 
volume of a polyamide resin and (b) from 20 to 95 % by volume 
of a polyphenylene sulfide resin , which is characterized in that , 
in morphology therein seen through electronic microscopy, the 
polyphenylene sulfide resin (b) forms a matrix phase (continuous 
phase) and the polyamide resin (a) forms a disperse phase. 

2. The thermoplastic resin structure as claimed in claim 1, 
for which the blend ratio of the polyamide resin (a) and the 
polyphenylene sulfide resin (b) is such that the former accounts 
for from 55 to 80 % by volume and the latter for from 20 to 45 % 
by volume. 

3. The thermoplastic resin structure as claimed in claim 1, 
for which the blend ratio of the polyamide resin (a) and the 
polyphenylene sulfide resin (b) is such that the former accounts 
for from 60 to 75 % by volume and the latter for from 25 to 40 % 
by volume. 

4. A thermoplastic resin structure formed of a resin 
composition that comprises (a) from 15 to 85 % by volume of a 
polyamide resin and (b) from 15 to 85 % by volume of a polyphenylene 
sulfide resin, which is characterized in that, in morphology 
therein seen through electronic microscopy, both the phase of 
the polyphenylene sulfide resin ( b ) and the phase of the polyamide 
resin (a) are substantially continuous phases. 



5. A thermoplastic resin structure formed of a resin 
composition that comprises (a) from 55 to 95 % by volume of a 
polyamide resin and (b) from 5 to 45 % by volume of a polyphenylene 
sulfide resin, which is characterized in that, in morphology 
therein seen through electronic microscopy, the polyamide resin 

(a) forms a continuous phase and the polyphenylene sulfide resin 

(b) forms a laminar disperse phase. 

6. The thermoplastic resin structure as claimed in any of 
claims 1 to 5, which contains (c) from 0.5 to 200 parts by weight 
of an inorganic filler relative to 100 parts by weight of the 
total of the polyamide resin (a) and the polyphenylene sulfide 
resin (b) . 

7. Moldings of the thermoplastic resin structure of any of 
claims 1 to 6 , which are formed in at least one method of injection 
molding, injection compression molding or compression molding. 

8. Containers for transportation or storage of liquid 
chemicals or gases, which are obtained by working the 
thermoplastic resin structure of any of claims 1 to 7. 

9. Attached parts for containers for transportation or 
storage of liquid chemicals or gases, which are obtained by 
working the thermoplastic resin structure of any of claims 1 
to 7. 

10. A multi-layer structure with a barrier layer, in which 
the barrier layer is formed of the thermoplastic resin structure 
of any of claims 1 to 6. 



11 . The multi-layer structure as claimed in claim 10 , wherein 
a neighboring layer is formed on one or both surfaces of the 
barrier layer, and the neighboring layer is a thermoplastic resin 
layer differing from the thermoplastic resin structure that forms 
the barrier layer. 

12 . The multi-layer structure as claimed in claim 11 , wherein 
the thermoplastic resin to form the neighboring layer is at least 
one selected from polyolefin resins, thermoplastic polyester 
resins, polyamide resins, polycarbonate resins and ABS resins. 

13 . The multi-layer structure as claimed in claim 11, wherein 
the thermoplastic resin to form the neighboring layer is 
high-density polyethylene- 

14. The multi-layer structure as claimed in claim 11, which 
has an adhesive layer formed between the barrier layer and the 
neighboring layer. 

15. The mult i- layer structure as claimed in any of claims 10 
to 14, which is formed through coextrusion. 

16. The multi-layer structure as claimed in any of claims 10 
to 15, which is formed into multi-layered tubes or mult i- layered 
blow moldings through coextrusion. 
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ABSTRACT 

Provided is a thermoplastic resin structure formed of a 
resin composition that comprises substantially (a) from 5 to 
80 % by volume of a polyamide resin and (b) from 20 to 95 % by 
volume of a polyphenylene sulfide resin, which is characterized 
in that , in morphology therein seen through electronic microscopy , 
the polyphenylene sulfide resin (b) forms a matrix phase 
(continuous phase) and the polyamide resin (a) forms a disperse 
phase* The gives plastic containers, tubes and their Attached 
parts having good barrier properties, strength, durability and 
workability . 
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Fig. 6 - Separated Morphology in Example 15 
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I which I have reviewed and for which I solicit a United States patent. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, 
as amended by any amendment referred to above. 
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patented or made the subject of an inventor's certificate issued before the date of this application or said international 
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insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States or PCT 
International Application(s) in the manner provided by the first paragraph of Title 35, United States Code, §112: 
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statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
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